PdSb 2 is a candidate for hosting 6-fold-degenerate exotic fermions (beyond Dirac and Weyl fermions). The nontrivial band crossing protected by the non-symmorphic symmetry plays a crucial role in physical properties. We have for the first time grown high-quality single crystals 
The discovery of topological properties in condensed matter started a new era of physics.
Many fermionic particles and phenomena predicted in high energy physics are now experimentally observed in topological materials such as Dirac, Weyl, and Majorana particles [1] [2] [3] . Their nontrivial topology gives rise to exotic physical properties, opening the door to future electronics with low-power consumption. The nontrivial topology results from crossings of conduction and valence bands. Depending on crystal symmetry, such crossings can result in degeneracy (g) with g=2, 3, 4, 6, and 8. It is known that g=2 corresponds to Weyl fermions and g=4 corresponds to Dirac fermions. These fermions have been extensively studied both in condensed matter physics and high energy physics [4] [5] [6] [7] [8] [9] . The cases of g=3, 6, and 8 are of particularly interesting as they can only be found in condensed matter systems, having no high energy analogues as constrained by Poincare symmetry [10] .
Based on the density functional theory (DFT), PdSb 2 is predicted to have g=6, where the degeneracy is stabilized by its non-symmorphic symmetry: Pa3 ̅ [10] . In this space group, there arises 3-fold degeneracy, which is doubled by the presence of time-reversal symmetry resulting in 6-fold degeneracy. For PdSb 2 , the 6-fold degeneracy occurs at the time-reversal invariant R point at the corner of the Brillouin Zone. Unlike Dirac and Weyl bands with linear dependence with energy, the 6-fold degenerate bands at the R point have quadratic energy dependence [10] .
However, non-Abelian Berry curvature is expected under special holonomy [10] . Although PdSb 2 has been structurally characterized in early 1960s [11] , its physical properties remain unknown [12] . We have grown PdSb 2 single crystals, confirming its non-symmorphic structure.
For the first time, we report its electrical and magnetic properties under various stimuli (temperature (T), magnetic field (H), and quasi-hydrostatic pressure (p)). Several interesting properties are discovered: (1) PdSb 2 is a diamagnetic metal with Fermi-liquid ground state under ambient pressure, (2) there is large positive magnetoresistance (MR) without sign of saturation up to 14 T, which obeys Kohler's scaling law, (3) there are de Haas-van Alphen oscillations with frequency of 102 T when field is applied along the [111] direction, revealing nearly zero effective electron mass and a nontrivial Berry phase, (4) it becomes superconducting under the application of p with the maximum superconducting transition temperature; ~2.9 K, and (5) first principles calculations indicate the change of band structure under pressure, leading to the charge redistribution.
PdSb 2 single crystal growth and phase determination are described in Ref. [13] . All X-ray diffraction (XRD) peaks can be indexed under a Pyrite-type cubic structure (space group 205 (Pa3 ̅ )) with the lattice parameter 6.464 Å (Fig. S1 (a) [13] ); consistent with the previously reported value [14] . The magnetization measurements were performed in a MPMS (Quantum Design). At ambient pressure, the electrical properties were measured using the standard fourprobe technique in a PPMS-14 T (Quantum Design). The resistivity under quasi-hydrostatic pressure was measured via the four-probe method using a diamond anvil cell as described in
Refs. [13, [15] [16] [17] . DFT calculations were performed using a plane-wave based approach that incorporates the projected-augmented wave method within the Vienna ab-initio simulation package (VASP) [13, [18] [19] [20] [21] . PdSb 2 is diamagnetic resulting from atom core contributions (Fig. S1 (c) [13] ). Applying H either parallel or perpendicular to the current I, we find that there is positive MR. Since the MR bc for H//I is much smaller than that for HI, there is little contribution from spin scattering. The positive MR in a non-magnetic metallic system is attributed to the modification of electron trajectories due to the application of H. This effect is more significant at low temperatures in pure metallic systems where charge carriers effectively follow the cyclotron motion around the magnetic field [22] [23] [24] [25] . By plotting MR bc versus H 2 in Figure 1( continuously increases up to 65 T, which is attributed to mobility fluctuations [26] . The MR of which is for a single-band transport scenario [25, 26] . Although calculations (Fig. 2 and [10] )
indicate the multiband nature of PdSb 2 , it appears that only one band plays a dominant role in electrical transport. In fact, the effective single-band transport in multiband systems is a common feature of topological materials [26] .
While there is no sign for quantum oscillations when field is applied along the principle axes of crystals, we have observed such oscillations when the magnetization (M) is measured along the high-symmetry -R direction. [26] and Weyl semimetal BaMnSb 2 [7] .
The same frequency is obtained if ΔM is plotted as a function of 1/H as displayed in Fig.   1 (g). Based on the observed oscillations, the Landau fan diagram can be constructed by assigning the minimum ΔM to n-1/4 [28] , where n is the Landau level index. As shown in Fig. 1 To further understand the observed properties, the electronic structure is calculated using the DFT and shown in Figure 2 (a). Consistent with previous results [10] , there are 3 bands crossing the Fermi level (E F ) with contributions from both Pd and Sb. At the R point, there is a 6-fold degeneracy, marked by a circle in Figure 2 (a). Three bands are congregating at the R point as the non-symmorphic symmetry protects this degeneracy. Since all of them are doubly degenerate due to the inversion symmetry, 6-fold degeneracy exists at the R point. In addition, we find that Sb dominates the band structure around E F (Table S1 [13]). lower than that of Cd 3 As 2 , the lower is due to the higher n in PdSb 2 . This indicates that the DOS decreases with increasing pressure (Fig. S4 [13] ). Moreover, a Bader charge analysis performed for p=0 and 45.60 GPa indicates that, under pressure, Pd gains charge while Sb loses charge, although the Bader volume is larger for Sb (Table S2 [ 13] , [29] [30] [31] [32] ).
To probe the effect of the band shift with pressure, we performed the electrical resistivity measurements between 2-300 K under quasi-hydrostatic pressure up to 52 GPa. While the temperature dependence remains similar to that at ambient pressure, the magnitude of  tends to decrease with increasing pressure. Upon increasing p, there is little change in  in p 1 (=5 GPa) <p<p 2 (=35 GPa), as seen in Figures 4(a-b) . Remarkably, above p 2 , two dramatic features are observed: (1) the magnitude of  increases with increasing p, and (2) there is sharp resistivity drop with p41 GPa. Below, we quantitatively analyze these two features.
Under pressure, we find that  continuously follows T 2 temperature dependence at low temperatures. We thus fit the low-temperature (T) using the same formula as that for the ambient pressure case. Figure 4 (c) displays both residual resistivity  0 and coefficient A under pressure. After initial drop,  0 increases with increasing p when p2.6 GPa, with larger slope when p>p 2 . The increase of  0 with pressure may be because of the increased scattering with impurities in the squeezed environment. On the other hand, the coefficient A initially decreases then increases after reaching the minimum at p 2 . It further decreases after reaching the maximum at p 3~4 7 GPa. Within the Fermi-liquid theory, A is proportional to DOS. The non-monotonic pressure dependence of A implies the non-monotonic variation of DOS. This suggests that the shift of 6-fold-degenerate bands to higher energy by pressure (Figures 2(c-d) ) involves charge transfer, thus changing the DOS. It should be pointed out that our XRD measurements under pressure show no evidence of any structural phase transition (Fig. S3 [13] , [33] ).
To confirm the change of DOS under pressure, we measured the pressure dependence of ρ H at 20 K. While the field dependence of  H is linear with positive slope as seen in Figure 3 profile under the wide range of pressure, the dominant hole carriers should be from the doubly degenerate band starting ~-0.6 eV at the X point that has hole pocket between the M and  (Fig.2(a) ).
We now turn to the sharp resistivity drop at low temperatures and high pressure which is shown in Figure 4 (e). Note that there is obvious drop at 41 GPa. Although not reaching zero, the resistivity drop becomes sharper under higher pressure. This suggests that the system undergoes a superconducting transition. We determine the critical temperature T c , at which  reduced to 90% of its normal value. As plotted in Figure 4 (f), T c initially increases then decreases after reaching maximum at p 3 . Since T c =1.2 K is expected at ambient pressure [12] , there may be a superconducting dome as shown in Figure 4 (f). To further check the origin of resistivity drop, we apply magnetic field at p=44.1 GPa. As shown in Figure 4 (g), the resistivity drop is reduced upon the application of field, consistent with the scenario of a superconducting transition. The T c value at each field is plotted as the upper critical field H c2 versus T [ Fig. 4(h) ]. Using the initial slope dH c2 /dT T = Tc0 ~ -0.58 T/K, we further estimate the H c2 (T=0 K) ~1 Tesla using the Werthamer-Helfand-Hohenberg (WHH) approximation [34] .
In view of pressure dependence of quantities shown in Figure 4 , one may note that, at p 3 , T c and A reach the maximum while n reaches minimum. This implies that strong electronelectron interactions (large A) in the environment of reduced carrier concentration favors superconductivity. Within the BCS theory, T c is determined by the Debye frequency, DOS, and electron-phonon coupling strength. Since (T) profile is unchanged over a wide temperature range, we may assume that there is no dramatic change in Debye frequency with pressure. This again points to the electronic origin for superconductivity.
In conclusion, we have successfully synthesized high-quality PdSb 2 single crystals with the non-symmorphic symmetry. Our first principles calculations confirm that PdSb 2 hosts 6-folddegenerate fermions with a degeneracy stabilized by the non-symmorphic symmetry. By For PdSb 2 , in-situ high pressure angle-dispersive X-ray diffraction (ADXRD) experiments were performed using a symmetric Mao Bell DAC at Beijing Synchrotron Radiation Facility. The wavelength is 0.6199Å. The sample in DAC was fine powder ground from the single crystal, and a tiny ruby chip was used to measure the applied pressure. The twodimensional image plate patterns obtained were converted to one-dimensional 2θ versus intensity data using the Fit2D software package [2] . Fig. S3 shows the ADXRD pattern for indicated pressure. As pressure gradually increases, the diffraction peaks of PdSb 2 shift steadily to higher angle, indicating the shrinking of lattices. Apart from the peak shift, the diffraction peaks become broader, but no new diffraction peaks emerges up to 44GPa. 
Band structure calculation
The Density function theory (DFT) calculations were performed using a plane-wave based approach that incorporates the projected-augmented wave (PAW) method within the Vienna ab-initio simulation package (VASP). The generalized gradient approximation based Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional was used [3] . The k-space integrations were carried out using a 16  16  16 Monkhorst-Pack special k-point mesh combined with the Methfessel-Paxton of order two integration methods with a Gaussian smearing factor of 0.2. We carefully studied the convergence of the simulations with respect to the energy cutoff and k-point where an energy cutoff of 328.9 eV and a 16  16  16 special kpoint mesh were found to yield converged energies and forces. 
